Dispersed pancreatic acini were studied to as- The function of junctional coupling, the common form of cell-to-cell communication that results in the direct exchange of ions and small molecules between cells connected by permeable junctions, is still obscure in most tissues (1, 2), including nonexcitable adult glands (2-5). Previous studies, showing that changes in gap junctions and coupling parallel changes in the activity of gland cells, have provided suggestive, although circumstantial, evidence for a possible participation ofjunctional coupling in the secretory process (2-6). As yet, however, the influence of coupling on this specific function of gland cells remains uncertain.
The function of junctional coupling, the common form of cell-to-cell communication that results in the direct exchange of ions and small molecules between cells connected by permeable junctions, is still obscure in most tissues (1, 2) , including nonexcitable adult glands (2) (3) (4) (5) . Previous studies, showing that changes in gap junctions and coupling parallel changes in the activity of gland cells, have provided suggestive, although circumstantial, evidence for a possible participation ofjunctional coupling in the secretory process (2) (3) (4) (5) (6) . As yet, however, the influence of coupling on this specific function of gland cells remains uncertain.
A suitable approach to further investigate this question may be provided by incubations in the presence of long-chain alkanols (7, 8) , which cause a rapid, marked, and fully reversible uncoupling without perturbing in a nonspecific way the secretory machinery of pancreatic cells (9, 10) . Though the mode of action of alkanols is still uncertain (7, 9) , a direct interaction with the gap junctional protein(s) and/or their lipid environment cannot be excluded (9, 11, 12) . We now have studied whether the alkanol-induced uncoupling affects the secretion of pancreatic acinar cells in response to a variety of secretagogues differing by their mode of action.
We report here that blockage of gap junctional communications by heptanol increases amylase secretion from resting pancreatic acini as well as from acini stimulated by secretagogues that, alone, do not perturb cell-to-cell coupling. Moreover, we show that, in these acini, heptanol-induced intercellular uncoupling increases amylase secretion in an additive manner, irrespective of the different intracellular second-messenger systems used by the secretagogues tested.
The data are consistent with an inhibitory influence of gap junctional coupling on the secretion ofpancreatic acinar cells and point to direct intercellular communications as a crucial factor in the control of pancreatic exocrine function.
METHODS
Cell-to-cell coupling and amylase secretion were studied using acini obtained by mechanical and enzymatic dispersion of adult rat pancreas (13) .
Junctional coupling was determined by microinjecting acinar cells with the membrane-impermeant tracer Lucifer yellow CH (14) . To this end, the freshly isolated acini were attached with 0.5 mg of poly(lysine) per ml to culture dishes and were transferred to the heated (370C) stage of an inverted ICM405 Zeiss microscope. A 4% solution of Lucifer yellow in 150 mM lithium chloride/10 mM Hepes, pH 7.2, was iontophoretically microinjected into one cell of an acinus through a highresistance, thin-tip glass electrode to which 0. 1-nA negative square pulses of 900-msec duration and 0.5-Hz frequency were applied for 3 min (9). The diffusion of Lucifer yellow was then followed under fluorescence microscopy and recorded photographically at the end of each injection. Coupling extent was evaluated by measuring the area ofeach acinus profile and ofthe cells containing Lucifer yellow on these photographs (9) . The Lucifer yellow-stained areas and the relative area of acinus profile they represented were expressed as mean + SEM and compared using an unpaired Student's t test.
To measure amylase secretion, freshly dispersed acini were preincubated for 30 min in a Krebs/Ringer/bicarbonate (KRB) solution buffered to pH 7.4 with 12.5 mM Hepes (control KRB), distributed in glass vials (each containing 400-500 /.kg of acinar proteins per 2 ml), and incubated at 370C. At the beginning of the incubation, two 500-Al aliquots ofacini were taken from one vial, and centrifuged for 20 sec in a Beckman microcentrifuge, and amylase was measured (15) in both pellet and supernatant to determine the total initial content of the enzyme. At the end of the 30-min incubation, amylase was measured in the supernatant oftwo 500-plI aliquots taken from each vial and processed as above. The values ofamylase measured in the supernatant at the beginning of the incubation were subtracted from all values measured at the end of the incubation and amylase release was expressed as a percentage of total initial content (9, 13) .
Coupling and secretion were studied in acini incubated with or without heptanol and in the absence or presence ofone ofthe secretagogues listed in Table 1 and Fig. 2 . To study the reversibility of the heptanol effect, acini were first incubated for 30 min in the presence of heptanol with or without one of the secretagogues to be tested, washed repeatedly in control KRB, and incubated again for 30 additional min in control KRB supplemented only with the appropriate secretagogue.
RESULTS
Gap Junctional Coupling Within Isolated Acini. Under resting conditions, microinjection of Lucifer yellow into a control cell was nearly always followed by the rapid transfer of the tracer into all the other cells of the acinus (Fig. 1A and Table 1 ). This extensive coupling was not modified by a Abbreviation: VIP, vasoactive intestinal peptide. 4901 The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. 30-min incubation of the acini in the presence of either neurotensin (Fig. 1B), secretin (Fig. iF) , or VIP, all tested at the concentration of 0.1 tkM (Table 1) . By contrast, addition of 3.5 mM heptanol rapidly and markedly decreased the intercellular diffusion of Lucifer yellow in resting acini as well as in acini stimulated by either neurotensin (Fig. 1C) , secretin (Fig. 1G ), or VIP (Table 1) . In these acini, the fluorescent tracer was often seen only within the microinjected cell (Fig. 1 C and G ). An (9) .
The uncoupling effect of heptanol was readily reversible upon removal of the alkanol, rinsing, and incubation of the acini in either control medium or in medium supplemented with either neurotensin (Fig. iD), secretin (Fig. 1H ), or VIP ( Table 2) . Under these conditions, the acinar cells rapidly recoupled and, within 30 min, the extent of Lucifer yellow diffusion increased up to the value observed in control acini processed in parallel ( Table 2) .
Amylase Release of Isolated Acini. During a 30-min incubation, neurotensin, secretin, and VIP, all added at the final concentration of 0.1 AiM, increased (P < 0.001) similarly the amylase release of isolated acini (Fig. 2) . In the presence of one of these secretagogues, amylase release was stimulated 3.9-to 4.9-fold-i.e., significantly (P < 0.001) less than in response to 0.01 mM carbamoylcholine, which induced an 8-fold increase of amylase secretion (Fig. 2) .
Addition of heptanol, at a concentration (3.5 mM) causing acinar cell uncoupling, significantly (P < 0.02-0.001) enhanced the basal as well as the neurotensin-, secretin-, and VIP-stimulated amylase release (Fig. 2) . By contrast, heptanol did not affect the amylase secretion in response to 0.01 mM carbamoylcholine (Fig. 2) , a secretagogue that, alone, uncouples acinar cells (Fig. 1E) (5, 16) .
As reported (9), the effect of heptanol on basal amylase release was fully reversible after the alkanol was removed and the acini were washed and incubated in control medium for a second 30-min period. Under these conditions, basal release returned to the lower values measured in controls (Fig. 3) . Similarly, the neurotensin-, secretin-, and VIP-stimulated output of acini incubated first in the presence (0-30 min) and then in the absence (30-60 min) of heptanol was indistinguishable from that ofneurotensin-, secretin-, or VIP-stimulated acini that had not been exposed to the uncoupler. In both groups, amylase secretion was still elevated (P < 0.001) over control values at the end of the experiment (Fig. 3) . 
DISCUSSION
The data presented here show that heptanol, an alkanol that blocks the intercellular coupling mediated by gap junctions (7, (9) (10) (11) (12) , increases the amylase secretion of resting acini and of acini stimulated by either neurotensin, secretin, or VIP, all conditions under which acinar cells remain normally coupled to each other, but does not affect the secretion of pancreatic acini in which cells had been uncoupled by carbachol stimulation. The data also show that the former effect is reversible upon removal of heptanol and recovery of the normal cell-to-cell communications. These results raise the question of whether the secretion changes observed were caused by cell uncoupling or whether they could be explained by other unrelated effects of heptanol. Although a definitive answer to this question is not The shaded bars show that addition of heptanol (3.5 mM) increased (P < 0.02-0.001) the basal as well as the neurotensin-, secretin-, and VIP-stimulated release of amylase but had no effect on the carbamoylcholine-induced secretion.
provided by this study, the reversibility of the heptanol effect on basal as well as neurotensin-, secretin-, or VIP-stimulated secretion and the lack of effect of heptanol on the carbacholstimulated release argue against nonspecific effects of the alkanol on the viability and the secretory machinery of acinar cells, respectively. These observations are in keeping with our previous findings that heptanol does not cause detectable alterations of lactate dehydrogenase release (17) , cytosolic pH, free Ca2+ (9) , and cAMP content of dispersed acini (17) .
In addition, recent electrophysiological experiments indicate that heptanol does not perturb the main ionic channels of the membrane of single acinar cells (unpublished data). By contrast, a marked decrease in the cell-to-cell exchange of Lucifer yellow was consistently detected in the presence of heptanol. As in other systems (7, (10) (11) (12) , this alkanol also readily abolishes the electrical conductance of acinar cell gap junctions (M.C., unpublished data), assessed as in ref. 18 , indicating an almost complete closure of the junctional channels. Electrophysiology and dye microinjection experiments (9) indicate that this effect takes place very rapidly after exposure to heptanol, is maintained as long as the alkanol is present in the medium, and is rapidly reversible once the uncoupler is removed.
The time course for the onset and the reversibility of the junctional communication changes is consistent with that of the secretory changes induced by heptanol. Thus, uncoupling of acinar cells is present at the time secretion changes are detected and coupling is reestablished when secretion has returned to the lower control values (9) . This parallelism and the lack of evidence for major nonspecific effects of heptanol suggest that the secretion and the intercellular coupling changes may be causally related. This hypothesis is further supported by the observation that heptanol had no effect on the secretion stimulated by carbachol, a finding consistent with the evidence that this secretagogue alone (at concentrations >0. 1 ,uM) disrupts the junctional communications of acinar cells (5, 9, 16) . Moreover, preliminary studies with several other alkanols indicate that the compounds that act as uncouplers consistently increase amylase release, whereas those that are unable to uncouple acinar cells do not affect secretion (M.C., unpublished data). Taken together, these observations favor the view that the secretory effects we observed are related to the heptanol-induced uncoupling of acinar cells. A definitive confirmation of this interpretation awaits the result of studies using other specific uncouplers, such as antibodies directed against the main gap junctional peptide(s) (17, 19) . Presently, these experiments are dependent on the development of new approaches to assess amylase secretion from the few selected acinar cells that could be loaded, conceivably, with such antibodies (9 Table 1 ). The dark shaded bars show that after removal of the uncoupler, washing, and incubation for 30 min under control conditions, basal and stimulated secretion decreased to the levels shown by control acini that had been processed in parallel without being exposed to heptanol (solid bars). This decrease was paralleled by a complete recovery of the normal cell-to-cell coupling (see Table 1 ).
been elucidated,t VIP is thought to promote secretion by raising cAMP (21) , whereas secretin acts by activating adenylate cyclase and the phosphatidylinositol phosphate second messenger systems (22) . Thus, irrespective of the molecular mechanism linking the stimulus by these different secretagogues to secretion (21) , the loss of the direct cell-tocell communications that normally extend throughout a pancreatic acinus (5, 9, 16) appears to be associated with an enhancement of amylase secretion.
In this perspective, the data indicate that a complete picture of the pancreas response requires not only information about the mechanisms by which secretion is activated by secretagogues within individual cells but also about how the stimulated cells relate to each other. The enhanced enzyme output observed under conditions of cell-to-cell uncoupling also suggests that the extensive intercellular communications that are observed in acini secreting at different rates (resting as well as stimulated) may exert a tonic inhibitory influence on the activity of acinar cells. Though the molecular mechanism by which this influence is achieved is still hypothetical, our findings implicate direct junctional communications in the short-term control of the specific secretory function of adult pancreatic acinar cells.
fAt the concentration used, neurotensin stimulated amylase release (20) without changing significantly the cytosolic free Ca2+ and cAMP of pancreatic acini (R.B., unpublished data).
